Object. The cerebellum is a key modulator of motor cortex activity, allowing both the maintenance and fine-tuning of motor cortex discharges. One elemental defect associated with acute cerebellar lesions is decreased excitability of the contralateral motor cortex, which is assumed to participate in deficits in skilled movements and considered a major defect in motor cortex properties. In the present study, the authors assessed the effect of trains of anodal transcranial direct current stimulation (tDCS), which elicits polarity-dependent shifts in resting membrane potentials.
T he excitability of the motor cortex is a function of single-cell excitability, synaptic strength, and the balance between excitatory and inhibitory cells. 24, 28 The cerebellum plays a critical role in the modulation of motor cortex excitability in various states of peripheral sensory stimulation. 43 Acute cerebellar lesions depress the excitability of the contralateral motor cortex. 16, 21 Impaired excitability and enhanced inhibition within the motor cortex have been reported repeatedly in cerebellar lesions. 22, 52, 55 We have previously studied the role of the cerebellum in the adaptation of the intensity of corticomotor responses after trains of peripheral repetitive stimulation. 43 We found that hemicerebellectomy impaired enhancement of the corticomotor response normally associated with repetitive stimulation of the sciatic nerve. Until now, this form of plasticity was believed to be under the sole control of the sensorimotor cortex. 19, 24 The adaptation of motor cortex excitability to sustained peripheral stimulation represents an early change in cortical network functioning that is effective in motor learning and deficit recovery, followed by longer-lasting changes including structural plasticity. 18 Recent years have seen an explosion in the use of electrical or magnetic stimulation methods as research or therapeutic tools. Attempts to better understand motor functions and cognitive operations handled by the cerebellar circuits have been made with these techniques. 50 Single-pulse TMS over the cerebellum has been shown to change contralateral motor cortex excitability. 17, 53 Highvoltage conditioning electrical stimuli over the lateral cerebellar hemisphere preceding a magnetic stimulus (by 5-7 msec) delivered contralaterally to the motor cortex can suppress electromyographic responses as a result of inhibition of the dentatothalamocortical pathway. 40, 53 This inhibitory effect is absent in patients with lesions involving the dentate nuclei or superior cerebellar peduncle. 17 Hemicerebellectomy may induce a total loss of inhibitory effect. 6 The onset time of cortical inhibition corresponds well with the conduction time through the cerebellothalamocortical pathway. In addition, behavioral motor effects have been observed when rTMS is used over the cerebellum. One hertz of rTMS over the Trains of transcranial direct current stimulation antagonize motor cortex hypoexcitability induced by acute hemicerebellectomy cerebellar cortex increases intracortical excitation contralaterally, 39 and low-frequency cerebellar rTMS trains affect motor intracortical excitability beyond the duration of the train. 8 What are the disadvantages to magnetic and electrical stimulation methods? Some authors argue that a limitation of cerebellar TMS is the difficulty in defining the actual site of action of stimulation because of a lack of focality and spatial resolution. 8, 31 Indeed, other nearby structures such as muscles or nerves, and even corticospinal tracts, can be activated depending on site, intensity, and mode of stimulation. Peripheral nerve stimulation at the level of the neck (or the neck-head junction near the foramen magnum) induced by a figure-eight TMS coil over the cerebellum is likely to contribute to the modulation of cortical excitability, 12, 54 partly clouding the value of TMS to investigate cerebellar physiology as pointed out recently. 40 In contrast, epidural or surface electrical stimulation induces a more focal stimulation. 11 Another possible disadvantage to rTMS is the higher risk of seizure, especially in patients who have had strokes. 23 Accidental induction of convulsions is a rare complication of the technique. 46 Continuous or intermittent anodal tDCS induces a polarity-dependent modulation of brain activity. The functional modifications observed with anodal tDCS are site specific. Anodal stimulation increases cortical excitability by reducing intracortical inhibition and augmenting excitation. 35, 37 It is presumed that anodal tDCS induces a depolarization of the neural tissue, inducing a subthreshold membrane potential shift and increasing neural firing rate, therefore facilitating the overall neural activity of the stimulated area.
2, 34 Transcranial DCS preferentially excites the neural networks perpendicular to the electrode surface 25 and can adjust brain activity in a manner similar to rTMS. 35 Safety is probably one of the main advantages of tDCS. Indeed, unlike rTMS, tDCS does not seem to carry the risk of seizure; seizure induction by tDCS has not been described thus far. The prolonged after effects of tDCS, which are N-methyl-d-aspartate-dependent, is another interesting feature of tDCS. 33 Given the potential of tDCS to increase excitability of the motor cortex, we applied trains of tDCS in an experimental model of hemicerebellectomy in rats. Our primary goal was to test the hypothesis that after effects of tDCS could revert the motor cortex excitability deficit observed contralaterally (right motor cortex) to the hemicerebellectomy (carried out on the left side). We also assessed the effects of tDCS on the excitability of the spinal cord to confirm a selective supraspinal mechanism after the application of trains of tDCS.
Methods
This study was performed with approval from the Institutional Animal Care Committee of the Free University of Brussels. The facilities housing animals are inspected on a regular basis and meet the current national regulations of Belgium. The laboratory has received permission to perform surgery in animals (Number LA1230492, Ministère des Classes Moyennes et de l'Agriculture, Belgium). Adequate food, water, ventilation, and space were provided. Procedures to minimize animal discomfort were used during the experiments. Surgical procedures were conducted by a neurosurgeon familiar with neurosurgery in rodents, and animals were under close supervision on a daily basis. Postoperative monitoring and care were provided. All efforts were made to keep the number of animals undergoing surgery and brain extraction to a minimum. Nine male Wistar rats (weight 280-400 g with ablation of left cerebellar hemisphere) were anesthetized via intraperitoneal administration of chloral hydrate (400 mg/kg). To keep the rats in a state of anesthesia, chloral hydrate was subsequently administered continuously intraperitoneally at a rate of 2 µl/minute (CMA micropump; CMA). 24 This continuous infusion is required to obtain stable baseline responses and reproducible results. Anesthesia depth was adjusted for the absence of abdominal contractions in response to tail pinch.
The rats were fixed in a stereotactic apparatus and microsurgery for ablation was performed under a microscope (Fig. 1A, upper) . The head was leveled and secured with ear bars and a tooth holder. 5 A caudal craniotomy was performed over one-half of the cerebellum (Fig. 1A,  lower) . 10 The dura mater was exposed, incised, and the left hemicerebellum was removed. Subsequently, the overlying flaps of skin were opposed and sutured.
The scalp was shaved and cut sagittally, and the tissue overlying the cranium was removed. 15 We investigated the corticomotor responses evoked in the left gastrocnemius muscle after stimulation of the right motor cortex using miniature screws fixed on the skull, 43 before (basal condition) and after application of trains of tDCS. The impedance was kept below 5 kOhms. In 4 rats, stimuli of 2.5 mA (1-msec duration square wave) were first applied every millimeter in the sagittal axis, and every 0.5 mm in the coronal axis to obtain a matrix of 6 × 9 sites of stimulation, allowing the precise location of the "hot spot" corresponding to the largest MEP confirmed in 2 rats by epidural stimulation with tungsten microelectrodes (TM33A05; World Precision Instruments), and located 2-4 mm laterally, and between 1-mm anterior and 2-mm posterior (coordinates related to bregma Fig. 1B and C; see also Fig. 1 in Gu et al., 1999 15 ). Based on these results, we subsequently used the location of 3-mm lateral and 0.5-mm posterior to the bregma for stimulation of the motor cortex. This location is consistent with the stimulation sites used in other studies. 24, 31 Recruitment curves (detection of motor threshold defined as the lowest intensity eliciting at least 5 of 10 evoked responses with an amplitude > 20 µV, followed by increases of the intensity of stimulation with steps of 0.1 mA until maximum) of corticomotor responses were analyzed to confirm the classical sigmoid course, as previously described, using a sigmoid curve fitting with 3 parameters: y = a/[1 + exp(−(x − x 0 )/b)]. 24, 43 Subsequently, the motor cortex was stimulated at an intensity of 130% of the motor threshold to assess latencies and amplitudes of corticomotor potentials. 43 The amplitudes of corticomotor responses were also studied in the contralateral side (right gastrocnemius muscle, control side) before and after tDCS over left mo- tor cortex (the stimulation side was selected). Peak-topeak amplitudes in motor responses of the left or right gastrocnemius muscle were studied before and after tDCS for 10 corticomotor responses. We used subcutaneous electrodes (017K025; Technomed) implanted in muscles. We obtained similar results by folding wires (Wire silver, AGT0510; World Precision Instruments) into flat plates that were implanted into a subcutaneous pocket over the gastrocnemius muscle. 24 To record CMAPs, electrical stimuli were applied with needle electrodes at the level of the ipsilateral sciatic nerve ~ 16 mm lateral from midline. 41, 43 The CMAPs in the left/right gastrocnemius muscles were measured using electrical stimuli (1-msec duration; square waves) delivered by a stimulation unit (NeuroMax 4; Xltek). 43 
Transcranial DCS
Trains of electrical stimuli were applied on the skull with the anode placed at the level of the right or left motor cortex, just anterior to the screws used to obtain corticomotor responses. 44 In 2 rats, we assessed whether a slight displacement of the anode would affect the effects of tDCS. We found that the effects of tDCS decreased if the anode were located farther than 4.5 mm lateral from the midline. For anodal stimulation, we used a method similar to that described by Fregni et al. 11 A small plastic jacket was fixed with cement and filled with saline solution (0.9% NaCl) to obtain a contact area of 7.1 mm 2 . The 0.8-mm-diameter cathode was placed ipsilaterally on the supraorbital region (interelectrode distance 5 mm). The duration of stimulation was 20 minutes. This duration of stimulation has been used in other studies, 3, 4 and a stimulation duration of 7 minutes at 1 mA is known to induce significant changes in motor cortical excitability in humans. 45 Transcranial DCS was applied after surgical hemicerebellar ablation (Days 0-3). The stimulus intensity was 0.4 mA (current supplied by a constant current A310-A365 stimulator; a battery charger A362 was used to charge the stimulator between the experiments; World Precision Instruments), an intensity used in other rat studies. 20 Transcranial DCS was applied directly to the cranium to ensure a defined contact area over the cortex.
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Trains of Stimuli
In a preliminary experiment, we tested the effects of pulse duration in 3 rats, keeping a free interval between successive pulses constant at 1 second. Trains of stimulation were applied over the course of 20 minutes to the right motor cortex (recordings in left gastrocnemius muscle). Three pulse durations were tested: 10-second pulses delivered every 11 seconds (~ 0.091 Hz), 5-second pulses delivered every 6 seconds (~ 0.166 Hz), and 1-second pulses delivered every 2 seconds (0.50 Hz; A310-A365 stimulator). The greatest effect on motor cortex excitability was observed with the longest pulses (the ratio of the mean increase in corticomotor responses with the longest pulses to the mean increase with shortest pulses was 1.13), which were selected. The current density was 5.12 mA/cm 2 (compared with 2.86 mA/cm 2 in the recent study by Fregni et al., 2007 11 ). This was found to be the optimal current density in 3 rats.
H-Reflexes, F Waves, and M Responses
The H-reflex is evoked by electrical stimulation of nerves and represents an electrical analog of the monosynaptic stretch reflex; the F wave has an intensity proportional to the excitability of the anterior horn of spinal cord; and M responses are generated by motor axons activated directly by the electrical stimulus applied on the nerve. 9 The F waves and the M responses were studied in the left/right plantaris muscle using a method adapted from Gozariu et al. 14 Electrical stimulation of the left or right tibial nerve was performed using needle electrodes inserted subcutaneously at the ankle behind the medial malleolus. Electrical stimuli consisted of single squarewave shocks of 0.5-msec duration, delivered every 6 seconds. Electromyographic recordings were made from the ipsilateral plantaris muscle through a pair of needle electrodes inserted in the distal third of the sole (filters: 30 Hz-1.5 kHz). Integrals of H-reflexes and M responses were plotted against stimulus intensity to analyze the recruitment curves for the H/M ratios. We also assessed the F wave persistence (percentage of F waves present in a series of stimuli) and the ratio of the mean F to mean M wave amplitudes after 50 supramaximal stimuli. These studies were performed in the basal condition and were repeated after tDCS.
Modulation of Cutaneomuscular Reflexes
Needles were implanted into the left plantar skin with the aid of a microscope. Duration of stimuli was 0.1 msec and intensity was 2.5-mA. As observed earlier, cutaneomuscular responses had a typical onset latency of 11.5-13 msec and a duration of 5-7 msec. 42 Intensities of cutaneomuscular responses of the left and right plantaris muscles were investigated before and after tDCS (10 successive trials on each side and in the 2 conditions).
High-Frequency Stimulation of Nucleus Interpositus
To assess the contribution of intermediate/lateral nuclei in the modulation of the amplitudes of corticomotor responses and to investigate the interaction with tDCS, we assessed the effects of tDCS on the amplitude of corticomotor responses in 3 control group rats undergoing high-frequency stimulation (800 Hz, pulse duration 40 µsec, intensity 0.15 mA) to the left nucleus interpositus. Intensities > 0.20 mA are associated with microtwitches in extensor muscles of the neck, detectable with needle electromyography electrodes. Tungsten microelectrodes (TM33A05; World Precision Instruments) were implanted into the left interpositus nucleus with the following coordinates measured from the bregma: −11.6/+2.3/−4.8 mm (this site has marked effects on nuclear functions). 26, 27 Trains of tDCS were applied contralaterally. Three conditions were studied: 1) baseline, 2) during high-frequency stimulation of the left interpositus nucleus, and 3) during high-frequency stimulation of left interpositus nucleus immediately after application of tDCS for 20 minutes. Corticomotor responses were studied in gastrocnemius muscles bilaterally.
Histological Verification
At the end of the experiments, the brains were dis-sected to evaluate the extent of the lesion after administration of an intraperitoneal overdose of chloral hydrate and decapitation. Histological verification of the lesion was obtained using successive cryosections. We also specifically inspected the motor and premotor areas for lesions under the tDCS electrodes.
Statistical Analysis
The Student t-test was used to compare the amplitudes of corticomotor responses in the basal state between the left and right sides (Sigma Stat Software; Jandel Scientific). The Student t-test was also applied to compare the intensities of the corticomotor responses, the amplitudes of M responses, the mean F/M response, and the intensities of cutaneomuscular responses before and after tDCS on each side. The Mann-Whitney rank-sum test was used to compare the persistence of the F wave on the left and right sides in the basal condition. The analysis of variance was applied to assess a side by tDCS interaction for the amplitudes of corticomotor potentials, the persistence of the F wave, and the mean F/M response. The analysis of variance was also applied to compare the H-reflex as a function of increasing intensities of stimuli before and after tDCS (side effect, side by intensity interaction). The same method was used to assess for a side by tDCS interaction in cutaneomuscular responses. Probability values < 0.05 were considered statistically significant.
Results
Lateral and intermediate cerebellar nuclei (dentate/ interpositus nuclei) were removed in all rats, as confirmed on histological examination ( Fig. 1D and E) . We did not observe lesions in the right cerebellar hemisphere or brainstem, and there were no lesions visible under the tDCS electrodes.
Percentage of Change of tDCS-Induced Corticomotor Responses in the Control Group
We assessed the effects of tDCS (20 minutes in 3 rats) applied over the motor cortex to compare the percentage of change in corticomotor responses in the left and right gastrocnemius muscles. Increases in corticomotor response amplitudes were very similar on both sides, 111.65-128.43% for stimulation of the left motor cortex and 109.72-130.38% for the right motor cortex. Transcranial DCS did not modify the amplitudes of corticomotor responses in the gastrocnemius muscles ipsilaterally.
Corticomuscular Responses
Latencies of corticomotor responses were between 7.7 and 9.3 msec in both sides. Typical motor potentials are illustrated in Fig. 2 . The CMAPS of the gastrocnemius muscles were similar on the left (ipsilateral to the hemicerebellectomy) and right (contralateral to hemicerebellectomy) sides, as expected in the absence of peripheral nerve injury (range of peak-to-peak intensities: 6.4-12.8 mV).
An example of a corticomotor map obtained for both sides in a control rat (no cerebellar surgery) and a rat that underwent left hemicerebellar ablation is shown in Fig. 3 . Hot spots are identified in red. Figure 4 shows an example of the sigmoidal fitting of the recruitment curves of MEPs in a rat with left hemicerebellectomy.
The median variability of amplitudes of corticomotor responses in a test-retest procedure (intrasubject variability) in the basal condition (before tDCS) was 13 µV in the right gastrocnemius muscle (maximal value of 39 µV) and 7 µV in the left gastrocnemius muscle (maximal value of 21 µV; interside difference p = 0.472; Fig. 5A ). Transcranial DCS increased the excitability of the right motor cortex with increases in corticomotor responses of 28-138 µV (mean z score value 17.41 ± 6.17, median value 17.70; p < 0.001; Fig. 5B ). Analysis of baseline cortico- motor responses (before tDCS) showed that peak-to-peak values were lower in the left gastrocnemius compared with the right (Fig. 5C ; p < 0.001). Amplitudes of corticomotor responses evoked by stimulation of the right motor cortex after tDCS were similar to amplitudes evoked by stimulation of the left motor cortex in the basal condition (p = 0.198). Increases in amplitudes of corticomotor responses were similar on both sides (p = 0.936), with amplitudes of left corticomotor responses increasing from 752.22 ± 61.4 µV (before tDCS) to 860.0 ± 32.51 µV (after tDCS) (p < 0.001).
H-Reflex and F Waves
Control Side. The M wave had a short latency (2.6-3.5 msec), 14 and M responses were unchanged by tDCS (p = 0.22). The latency of the H-reflex was longer (10.4-12.5 msec). The H max /M max ratios were found to be around 20%, as reported previously. 14, 41 The H-reflex amplitude increased as a function of stimulus intensity.
14,41 Transcranial DCS did not interfere with H-reflex amplitude. The threshold, the slope, and the H max /M max ratio were similar before and after tDCS (effect of tDCS on H-reflex amplitude: p = 0.58; ratios H/M max of 15.09 ± 2.70% and 20.78 ± 3.37%, respectively, at 2 times and 3 times M threshold before tDCS, and 16.19 ± 3.83% and 21.58 ± 2.88% after tDCS, respectively). Persistence of F wave and the ratio of the mean F wave amplitude to the mean M wave amplitude were also unaffected (p = 0.37 and p = 0.24, respectively). Effects of tDCS on F-wave persistence are illustrated in Fig. 5D .
Effects of Hemicerebellectomy. M responses on the left side remained unchanged compared with the contralateral side (p = 0.19). Hemicerebellectomy impaired the H-reflex recruitment curve on the left side. The comparison of the amplitudes of H-reflex in the basal condition revealed a side effect (p = 0.011) and no side by tDCS interaction (p = 0.23). Following tDCS, the shape of the recruitment curve of the H-reflex remained abnormal (ratios H/M max of 9.62 ± 5.11% and 14.36 ± 3.09%, respectively, at 2 and 3 times M threshold before tDCS, and 9.04 ± 5.12% and 16.02 ± 4.21% after tDCS, respectively). Hemicerebellar ablation decreased the F-wave excitability ipsilaterally (interside comparison in the basal condition: p = 0.002 for the persistence of F wave and p = 0.004 for the ratios mean F/mean M response). Transcranial DCS did not modify the depression of the F-wave, with decreased persistence and reduced mean F/mean M wave ratios (tDCS effect: p = 0.29 for the persistence of F wave and p = 0.18 for the ratios mean F/mean M response).
Cutaneomuscular Responses
Intensities of cutaneomuscular reflexes in plantaris muscles were similar on both sides before tDCS (Table 1 ; p = 0.53). After tDCS, no significant changes occurred in the intensity of responses. There was no side by tDCS interaction (p = 0.31), and no correlation between increases in corticomotoneuronal responses and the intensity of cutaneomuscular responses. Even the 2 animals that showed the largest increase in corticomotor response intensity (136 and 138 µV) showed a decrease in cutaneomuscular response intensity (from 2631 to 2254 µV and from 2296 to 2058 µV).
High-Frequency Stimulation of Interpositus Nucleus
In 3 rats implanted with a microelectrode in the left interpositus nucleus, the amplitudes of corticomotor responses at baseline in the left gastrocnemius muscles (elicited by stimulation of right motor cortex) ranged from 831 to 845 µV (control side 820-856 µV). Concomitant stimulation of the left interpositus nucleus reduced the intensities of corticomotor responses recorded ipsilaterally (range 756-780 µV). Amplitudes of corticomotor responses in the right gastrocnemius muscle (elicited by stimulation of the left motor cortex) remained unchanged (range 815-860 µV). Immediately after application of tDCS, the amplitudes of corticomotor responses in the left gastrocnemius muscles increased despite application of high-frequency stimulation in the left interpositus nucleus. Indeed, the range of responses was 823-840 µV for the left gastrocnemius muscle. Amplitudes of corticomotor response remained similar in the right gastrocnemius muscle (range 825-850 µV).
Late Waves
We previously observed late waves at a timing suggestive of enhanced transcortical reflexes following sustained repetitive stimulation of the sciatic nerve. 43 They were not observed following tDCS.
Discussion
Our experiments show that trains of tDCS can revert the defect in the excitability of the contralateral motor cortex following hemicerebellar ablation. We have used an intermittent pattern of stimulation at relatively high stimulation intensities. No macroscopic lesions were identified under the tDCS electrodes. This was an expected finding because such lesions would have depressed excitability. The decreased excitability of the spinal cord in hemicerebellectomized rats, confirmed by depressed H-reflex recruitment and decreased excitability of the anterior horn-deficits previously described in rodents and in human patients-remains unaffected by tDCS. We specifically investigated the after-effects of tDCS rather than intra-DCS effects because anodal stimulation-elicited effects are far less prominent than the after-effects. 37 In the present study, we did not address hemicerebellectomized rats at the chronic stage (3 months after lesioning) because impairment of motor cortex excitability is increased early after an extensive cerebellar lesion. 7 We showed in a time-course study that the hypoexcitability of motor cortex can return to normal 7-9 days following hemicerebellar ablation. High-frequency stimulation in the interpositus nucleus at low intensities decreased the amplitudes of corticomotor responses recorded ipsilaterally, suggesting a decreased excitability of the pyramidal system. Transcranial DCS could revert this depressive effect. The efferences of the cerebellar nuclei are known to modify the excitability of segmental motoneurons via ascending and descending pathways, leading to decreased excitability of the corticomotor system in hemicerebellar ablation.
1 The specific effects of cerebellar nuclei stimuli on the excitability of lumbar alpha motoneurons are dependent on the specific location within the nuclei at which the stimuli are applied.
1 Conditioning trains of dentate nucleus stimuli modify the postsynaptic potentials evoked in motoneurons by stimulation of Group Ia and Ib afferents in appropriate peripheral nerves. Experimental data support the existence of an excitatory cerebellothalamocorticospinal pathway affecting the excitability of motoneurons because cooling of the motor cortex removes an excitatory component from the response evoked in lumbar motoneurons by dentate stimulation and intracellularly recorded. In addition, descending pathways from the brainstem provide a part of the substrate by which the cerebellum participates in the control of muscle tension associated with limb movements. Functional blockade of the cerebellar interpositus nucleus with tetrodotoxin reduces the slope of the H-reflex recruitment curve without affecting the H max /M max ratios, and depresses both F wave persistence and mean F/mean M ratios. 41 Descending pathways from the brainstem could be essential relays to allow the online calibration of cutaneomuscular responses. Hemicerebellectomy impedes the tuning of the intensity of cutaneomuscular reflexes which normally occurs when trains of subthreshold stimuli are applied on the motor cortex after a period of sustained peripheral stimulation. 42 The modular concept of the sensorimotor system states that the neuronal circuitry is self-organizing and that the weight distribution of the cutaneous input adjusts the synaptic organization of the module. 49 Cutaneomuscular responses have been considered to be representative of this hypothesis. In the present study, we have shown that tDCS is not effective for modulation of cutaneomuscular responses. A concomitant sustained stimulation of the peripheral nervous system could be a basic requirement for enhancing the responses elicited by skin stimulation. 42 The activity of the motor cortex is highly dependent on the balance between excitatory and inhibitory influences over the network of cortical connections. 28 Transcranial DCS probably restores the balance between excitatory and inhibitory circuits in hemicerebellar ablation. The cerebellothalamocortical pathway is the most probable candidate for providing the input for gating the information flow.
32 Cerebellar information is guided to the primary motor cortex via the ventrolateral thalamic group which projects mainly to layers IV and V. 47 Through this channel, inputs can modulate the efficacy of the interconnections among cortical neurons, adjusting the circuitry of the motor cortex in various contexts. 47 Predictions and subsequent updates based on sensory events would be possible because of the numerous projections received by the cerebellum, the huge computing capabilities of the cerebellar circuitry, and the interaction of mossy and climbing fibers. 38 Transcranial DCS has been shown to improve motor or cognitive performance in disorders affecting the supratentorial regions.
2,36 By facilitating synaptic connectivity, tDCS may affect motor skill acquisition and might promote or enhance recovery following a stroke. Anodal tDCS applied at the vertex close to the supplementary motor area has been shown to improve reaction time. Transcranial DCS might help improve cognitive symptoms in patients with Parkinson disease. A beneficial effect of anodal tDCS has been shown recently on working memory.
2 An intermittent pattern of stimulation (15 seconds on/15 seconds off over a period of 30 minutes) results in improved sleep-dependent memory consolidation. 30 Overall, many neurological disorders in which a manipulation of cortical excitability might be beneficial are potential therapeutic targets for tDCS. The technique might also have a diagnostic application to detect starting lesions of the motor cortex, the absence of sustained excitability change being indicative of damaged corticospinal cells. 45 Recent advances in our understanding of the role of the cerebellum in cognition and emotion highlight the importance of the analysis of cerebellocerebral projections. 50 ,51
Conclusions
Our results show for the first time that modulation of the activity of the motor cortex in hemicerebellectomized rats is feasible with tDCS. This opens the question of future applications in animal and human disorders affecting the cerebellum and in which the excitability of the motor cortex is depressed. Determining whether tDCS can improve specific aspects of motor performance such as lack of coordination, dysmetria, or ataxia in cerebellar disorders 13, 38, 48 will require in-depth studies, taking into account that the cerebellar cortex, which exerts a predominant inhibitory effect on the cerebellar nuclei, and the nuclei may be affected to various degrees according to the disease, the location of the lesion in the cerebellar circuitry, and the presence of extracerebellar lesions along the afferent pathways. The ultimate goal of the instantaneous adjustments of motor commands in various sensory conditions will require dynamic tuning of the excitability, which will vary according to the type of motor task and the sensory inputs or the context of motion. 29 The absence of effect of tDCS on spinal cord function might indicate that spinal activity remains depressed. How ever, this depression changes over time, unlike the decreased excitability of the motor cortex, which may remain. Many patients with chronic cerebellar symptoms do not exhibit depressed F waves, while remaining ataxic and showing lower excitability features in the motor cortex. We confirmed a supraspinal specificity in the mode of action of tDCS, but modulation of the activity of spinal cord circuitry in acute cerebellar lesions will require further investigation.
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